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System for Opening and Closing a Folding Top or 
Moveable Vehicle Roof of a Convertible Car 

[0001] The present application is a continuation of International Patent 
Application No. PCT/EP02/04868, filed May 3, 2002, designating the United 
States of America and published in German as WO 02/098692 Al, the entire 
disclosure of which is incorporated herein by reference. Priority is claimed based 
on Federal Republic of Germany patent document DE 101 26 672.3 filed June 1, 
2001 and Federal Republic of Germany patent document DE 102 01 871.5 filed 
January 18, 2002. 


BACKGROUND AND SUMMARY OF THE INVENTION 


[0002] The invention relates to a system for opening and closing a folding top or 
moveable vehicle roof of a convertible car,. 

[0003] A system of this class is disclosed in the US 5,225,747. In this system an 
arrangement of sensors is chosen for a convertible top. With this system the 
opening and/or closing motion of the convertible top can be sensed over at least 
one defined range of movement. The system comprises drive means, which are 
connected to parts, for example, linkage elements, for opening and closing the 
convertible top. In addition, there are position sensors in the form of pivot point 
sensors that are arranged in the hinge area of the linkage. These pivot point 
sensors sense the movement of the convertible top at least over one range of 
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movement and send a corresponding signal to a controller, which defines and 
controls the further actuation of the convertible top based on the input signals. 

[0004] Proceeding from this state of the art, the object of the present invention 
is to improve such a system that the position sensors can be arranged at 
positions near the drive. 

[0005] This problem is solved by the 

arrangement of at least one position sensor is designed as a linear sensor in such 
a manner that the position of two moveable elements of the folding top or 
moveable vehicle roof relative to each other can be sensed; or the position of one 
moveable element of the folding top or moveable vehicle roof relative to a fixed 
reference point of the vehicle can be sensed. This design of the position sensor 
makes it possible to arrange it not only in the area of a hinge of one element of 
the folding top or moveable vehicle roof, but especially in the vicinity of a drive. 

[0006] According to a special embodiment, the position sensor can be coupled 
with drive means, and in particular can be integrated into it. This embodiment 
has turned out to be especially advantageous when the drive means also perform 
a linear movement when opening or closing the folding top or moveable vehicle 
roof, for example, when the drive means comprise a piston-cylinder arrangement 
(e.g. hydraulic cylinder), which moves back and forth when actuating the folding 
top or moveable vehicle roof. 
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[0007] The elements of the folding top or moveable vehicle roof that are to be 
sensed in a special manner are its main pillar and hold down clamp. For this 
reason in a preferred embodiment of the invention the sensor is arranged in such 
a manner that the position of the main pillar or a hold down clamp of the folding 
top or moveable vehicle roof to a fixed reference point of the vehicle or to another 
reference point of the folding top or moveable vehicle roof can be found. 

[0008] Of course, in addition to a linear sensor, still other sensors, like the pivot 
point sensors or end position switches that are described in the US 5,225,747, 
can be used. However, what is relevant for the present invention is that at least 
one linear sensor is used. 

[0009] The linear sensor can be designed as a magnetoresistive sensor, and in 
particular comprise a magnetized ferrite rod, where the ferrite rod can be 
magnetized spirally and, as the ferrite rod moves, it is guided past a magnetic 
field sensor. Such an arrangement has already been described in a patent by the 
company Hoerbiger Hydraulik GmbH. In addition, the linear sensor can work 
according to the principle of variable inductivity, where, for example, a ring can 
be arranged on a rod so that, as the rod moves, the ring is guided past a coil. In 
this manner the position of the rod can also be found in a simple and inexpensive 
manner. As an alternative, a conductive piston inside a coil could trigger such 
feedback on the coil that the position of the piston can be inferred from the 
changing signal voltage. 
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[0010] Other objects, advantages and novel features of the present invention 
will become apparent from the following detailed description of the invention 
when considered in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Figure 1 is a schematic drawing of one part of a linkage of a folding top. 

[0012] Figure 2 is a detail view of Figure 1 with a first embodiment of the 
invention in the form of linear sensors in accordance with the present invention. 

[0013] Figure 3 is a detail view of Figure 1 with an alternative embodiment of 
position sensors in accordance with the present invention. 

[0014] Figure 4 is a detail view of Figure 1 , with a third embodiment of position 
sensors in accordance with the present invention. 

[0015] Figure 5 is a detail view of Figure 1, with a fourth embodiment of 
position sensors in accordance with the present invention; and 

[0016] Figure 6 is a detail view of Figure 1, with a fifth embodiment of the 
position sensors in accordance with the present invention. 
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DETAILED DESCRIPTION 

[0017] The linear sensors themselves shall not be discussed in the course of the 
description to follow. For information on the linear sensors reference is made to 
the publications of Hoerbiger Hydraulik GmbH on magnetoresistive linear 
sensors and the embodiments of the company Micro- Epsilon for linear sensors 
that work on the principle of variable inductivity. 

[0018] The present invention is used in a folding top of a convertible car, where 
Figure 1 shows a part of the linkage of the folding top. Not shown were the 
vehicle as well as those parts of the folding top that are not essential for the 
invention, like the material of the cover top. 

[0019] In a convertible car the folding top can be moved customarily into a 
folding top compartment below a folding top cover. To open a closed convertible 
folding top, the folding top must first be unlatched in its head region. Such a 
procedure and/or such a device are/is known, for example, from the US 
5,058,939. Then conventionally a hold down clamp is lifted so that the folding top 
cover can be opened. To move the folding top freely, the windows of the vehicle 
are lowered at least slightly. After the folding top cover has been opened 
completely, the hold down clamp swings back and the folding top begins to drop 
into the folding top compartment. For this purpose the linkage in the main part 
of the folding top folds at several hinge points so that on the whole a folding 
occurs in order to deposit the folding top completely into the folding top 
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compartment. Once the folding top has been put totally into the folding top 
compartment, the folding top cover is closed. 

[0020] To close the folding top, the sequence of action described above is 
reversed. 

[0021] As already disclosed in the US 5,225,747, for a flawless opening and 
closing process, the position of the individual linkage parts must be known, if 
possible, at every movement step. In particular, it is important to know the 
positions of the hold down clamp and the main pillar. For this purpose linear 
sensors are used in accordance with the present invention. 

[0022] In the embodiment in Figure 1, in which only the relevant parts of the 
linkage are shown schematically, a main pillar 12 of a linkage unit 10 of a 
folding top is actuated by a first hydraulic cylinder 14 so that after every 
operation of the hydraulic cylinder 14 it can be pivoted in a main position. In 
addition, hold down clamps are actuated by means of a second hydraulic cylinder 
24. The one end of the second hydraulic cylinder 24 is connected to an upper 
tensioning rod 22, which in turn produces a connection between other parts 12 of 
the linkage and a bottom tensioning rod 20. The bottom tensioning rod 20 is 
connected in turn to a hold down clamp 18. The other end of the second hydraulic 
cylinder 24 is braced directly against the hold down clamp 18. 
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[0023] To perform the aforementioned procedure in opening and closing the 
folding top, the two hydraulic cylinders 14 and 24 are actuated in an exactly 
predefined manner. To lift the hold down clamp 18, the first hydraulic cylinder 
24 is shortened by its own actuation. After unlatching the folding top at its front 
end and opening the folding top cover, the hold down clamp 18 can be lowered in 
the direction of the open folding top compartment by repeatedly extending the 
hydraulic cylinder 24; as the hydraulic cylinders 14 and 24 continue to operate, 
the folding top is folded, as the top continues to move back, into the folding top 
compartment and finally can be moved totally into the folding top compartment. 

[0024] To detect now a malfunction during the opening and closing process, the 
two hydraulic cylinders 14 and 24 are integrated, according to Figure 2, into a 
linear sensor. In the case under discussion the linear sensors 32 and 34 are 
shown only as a schematic drawing; and in particular through the suggestion of 
a coil (zig-zag line) and a thick line, which is supposed to symbolize a magnetized 
rod. As the respective hydraulic cylinders 14 and 24 move, the rod is displaced in 
the coil. By this displacement of the magnetized ferrite rod inside the coil the 
length of each hydraulic cylinder can be determined. Altogether the exact 
distance between the two articulated points of the hydraulic cylinder can be 
found; and thus the position of the individual folding top elements relative to 
each other are determined. With respect to the hydraulic cylinder 24, it is thus 
possible to find the position of the hold down clamp 18 in relation to the upper 
tensioning rod. With respect to the hydraulic cylinder 14 it is possible to 
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determine the position of the main pillar with respect to an element, mounted 
rigidly on the vehicle. 

[0025] The two linear sensors send a corresponding signal to a control, which is 
not shown in the present case. On the basis of various signal information and the 
operating situation of the folding top, this control closes in response to a 
malfunction or confirms a proper functioning mode. Should a malfunction be 
determined, the flow of movement can be stopped and the driver can be 
informed; or the controller can correct the flow. 

[0026] Through the use of a linear sensor, the sensor can be coupled 
advantageously to the drive system. In this case the fact that the cable guide by 
the sensors arranged in the drive area can be designed more easily than in other 
parts of the folding top has a beneficial effect. 

[0027] The embodiment, according to Figure 3, differs from that in Figure 2 
only in that now the linear sensor 32 is replaced by a pivot point sensor 36 in the 
hinge area between the top and the bottom tensioning rod. 

[0028] In Figure 4, at variance with the embodiment in Figure 2, the linear 
sensor 34 was replaced by a pivot point sensor 38. 

[0029] In Figure 5, the linear sensor 34 in Figure 2 was replaced by two end 
position switches 40, which are closed when the hydraulic cylinder is in its 
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totally extended or totally retracted position. In all cases, in which a linear 
sensor was replaced by a pivot point sensor or a switch, the corresponding signal 
line is run analogously to a controller and evaluated. 

[0030] Figure 6 shows an embodiment, in which, compared to the embodiment 
in Figure 5, the two end position switches 40', on the one hand, and the linear 
sensor 34', on the other hand, have been basically exchanged. 

[0031] The foregoing disclosure has been set forth merely to illustrate the 
invention and is not intended to be limiting. Since modifications of the disclosed 
embodiments incorporating the spirit and substance of the invention may occur 
to persons skilled in the art, the invention should be construed to include 
everything within the scope of the appended claims and equivalents thereof. 
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